(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(11) 



EP1 118 857 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

25.07.2001 Bulletin 2001/30 

(21) Application number 01300366.0 

(22) Date of filing: 06.01.2001 



(51) int CI 7: G01N 33/22 



(84) Designated Contracting States: 


• Sanborn, Stephen Duane 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Copake, New York 12516 (US) 


MC NL PT SE TR 


* Catharine, Douglas Acona 


Designated Extension States: 


Scotia, New York 12302 (US) 


AL LT LV MK RO SI 






(74) Representative: Pedder, James Cuthbert et al 


(30) Priority: 18.01.2000 US 483964 


GE London Patent Operation, 




Essex House, 


(71) Applicant: GENERAL ELECTRIC COMPANY 


12/13 Essex Street 


Schenectady, NY 12345 (US) 


London WC2R 3AA (GB) 


(72) Inventors: 




• Schick, Louis Andrew 




Delmar, New York 12054 (US) 





(54) Method for on-line measurement of heat content of fuel in a combustion turbine system 



(57) The fuel heat content of fuel is measured on- 
line while a combustion turbine system is running by 
measuring data from the combustion turbine system 
during combustion of the fuel. The measured data are 
corrected using a standard correction algorithm. The fu- 



el heat content of the fuel is determined using at least a 
portion of the corrected data. From the measurement of 
the fuel heat content, any changes in the fuel heat con- 
tent are determined. Also, any changes in the control 
and operational parameters attributable to the change 
in fuel heat content are determined. 
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Description 

[0001] The present invention relates to measuring fuel heat content of fuel, and more particularly, to measuring fuel 
heat content while a combustion turbine system is on-line and/or running. 

5 [0002] The measurement of the fuel heat content of fuel is an important factor in controlling the combustion of the 
fuel. However, in a deregulated power generation market, it is desirable that power production be as inexpensive as 
possible. In an effort to produce inexpensive power, typically, the most inexpensive fuel is used. Unfortunately, these 
inexpensive fuels have fuel heat content that varies dramatically from the rated heating value of the fuel. Therefore, 
controlling the combustion of these inexpensive fuels has become increasingly complex. 

10 [0003] Typically, the fuel heat content is measured by performing various tests on the fuel in a laboratory or other 
controlled setting. These tests can include calorimetric, stoichiometric, constituent analysis and catalytic combustion. 
In general, the laboratory tests provide a fuel heat content measurement for the fuel under controlled conditions and 
do not provide an online determination of the fuel heat content while the combustion turbine system is on-line and 
running. An on-line measurement of the fuel heat content would allow the control parameters associated with the 

is combustion turbine system to be adjusted such that the maximum operational efficiency of the combustion turbine 
system is achieved. In addition, an online measurement of the fuel heat content would allow control parameters as- 
sociated with the combustion turbine system to be adjusted to avoid damage or increased wear caused by the changes 
of temperature and pressure in the combustion turbine system that are associated with a change in the fuel heat 
content. Therefore, a feed exists for a method of measuring the fuel heat content while the combustion turbine system 

20 is on-line and running. 

[0004] Presently, fuel heat content monitors are available that can measure the fuel heat content while the system 
is on-line. The fuel heat content monitor is a separate device that requires installation and additional data monitoring. 
However, these fuel heat content monitors are expensive. As such, in an effort to produce energy at the lowest price, 
the added cost of these fuel heat monitors and the cost associated with monitoring the heat fuel content data makes 
25 the use of the heat fuel content monitors impractical. Therefore, a need also exists for a method of measuring fuel heat 
content that does not require the purchasing of expensive equipment. Also, a need exists for a method of measuring 
fuel heat content that uses conventionally monitored data and does not entail the costs associated with additional data 
monitoring. 

[0005] In combustion turbine systems, many control and operational parameters are measured, such as, but not 
30 limited to, temperature, pressure and fuel flow. Typically, changes in the fuel heat content result in changes in the 
measured parameters. During monitoring of these parameters, it is important that any change in these measured 
parameters that is attributable to changes in the fuel heat content be readily determined. Such a determination can 
prevent unrequired maintenance on the combustion turbine system. Since unrequired maintenance can increase the 
cost of the power generation, it is desirable that only required maintenance be performed on the combustion turbine 
35 system in order to keep the power generation costs to a minimum. Therefore, a need exists for an on-line measurement 
of the fuel heat content that determines whether changes in the control and operational parameters are attributable to 
changes in the fuel heat content. 

[0006] An exemplary embodiment of the present invention provides a method for determining a change in fuel heat 
content of fuel used in a combustion turbine system. The method includes measuring data from the combustion turbine 

«o system during combustion of the fuel while the combustion turbine system is on-line and running. The measured data 
is corrected using a standard correction algorithm. A heat rate is calculated using at least a portion of the corrected 
data. A change in the calculated heat rate is determined. A compressor efficiency and a pressure ratio is calculated 
using at least a portion of the corrected data. The calculation of the compressor efficiency and the pressure ratio is 
based on the determination of a change in the calculated heat rate. A change in the calculated compressor efficiency 

45 and the calculated pressure ratio is determined. A temperature rise across a hot section of the combustion turbine 
system is calculated using at least a portion of the corrected data. The calculation of the temperature rise across the 
hot section is based on the determination of a change in the compressor efficiency and the pressure ratio. A change 
in the temperature rise across the hot section of the combustion turbine system is determined. A fuel heat content is 
calculated using at least a portion of the corrected data. The calculation of the fuel heat content is based on the de- 

50 termination of a change in the temperature rise across the hot section. A change in the fuel heat content is calculated, 
and a mathematical model of the operation of the combustion turbine system is changed based on the determination 
of a change in the fuel heat content. 

[0007] Advantageously, the method described hereinabove measures the fuel heat content of fuel while a combustion 
turbine system is on-line and running, and the method measures the fuel heat content without the purchasing of ex- 
55 pensive equipment. Also, the method described hereinabove measures fuel heat content using conventionally moni- 
tored data and does not entail the costs associated with additional data monitoring. Further, the method described 
hereinabove provides an on-line measurement of the fuel heat content that determines whether changes in the control 
and operational parameters are attributable to changed in the fuel heat content. 
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[0008] The invention will now be described in greater detail, by way of example, with reference to the drawings, in 
which: 

Fig. 1 is a highly simplified side view and cut away view of one embodiment of a combustion turbine system useful 
5 for illustrating exemplary embodiments of the present invention; 

Fig. 2 is a flow chart of one embodiment of an exemplary method of the present invention for determining the fuel 
heat content of fuel used in a combustion turbine system such as that of Fig. 1 ; and 

10 Fig. 3 is a flow chart of one embodiment of an exemplary method of the present invention for determining a change 

is the fuel heat content of fuel used in a combustion turbine system such as that of Fig. 1 . 

[0009] Exemplary embodiments of the present invention involve a method for determining the fuel heat content and/ 
or changes in the fuel heat content of fuel used in a combustion turbine system 100 (Fig. 1) while the combustion 

*5 turbine system 100 is on-iine and running. The fuel heat content is a desirable factor in controlling the combustion of 
fuel. The measurement of the fuel heat content provides the amount of fuel required to produce a measurable amount 
of energy, such as, the amount of fuel required to generate a kilowatt hour (kwh) of power measured in, for example, 
gaflons/kwh, liters/kwh or cubic centimeters/kwh. In this disclosure, the measurement of the amount of fuel required 
to produce a measurable amount of energy is called fuel heat content, but, in the art, this measurement can also be 

20 referred to as heating value, such as, low heating value (LVH) and high heating value (HVH). 

[0010] In Fig. 1, a highly simplified combustion turbine system 100 comprises a gas turbine 110. It should be appre- 
ciated that the present invention is not limited to a gas turbine 110 and includes all combustion turbine systems 100 
that consume fuel to operate. In one embodiment, the gas turbine 110 uses natural gas as a fuel. However, it should 
be appreciated that the fuel in other combustion turbine systems 100 is not limited to natural gas. Other suitable fuels 

25 may, for example, include gasoline, kerosene, diesel fuel, wood, coal and jet fuel. 

[0011] As shown in Fig. 1, the gas turbine 110 includes an inlet port 120 and an exit port 130. The inlet port 120 is 
the location where a combustion gas is introduced into the combustion turbine system 1 00. The combustion gas is 
combined with the fuel in the combustion turbine system 100. The fuel and the combustion gas are combined in a ratio 
that is known in the art and can be controlled via control parameters of the combustion turbine system 100. In one 

30 embodiment, the combustion gas comprises air. The exit port 1 20 is the location where the exhaust from the gas turbine 
110 exits the combustion turbine system 100. In one embodiment, the exhaust gas includes various end products of 
the combustion process that is carried out in the combustion turbine system 100. 

[001 2] The combustion gas is provided to a compressor 1 60. The fuel is provided via fuel inlets 1 50 to the compressor 
160. The fuel inlets 150 are controlled by fuel flow controls 140. The combustion gas and the fuel are mixed in the 

35 compressor 1 60 and supplied to a hot section 1 70. In the hot section 170, the combination of the fuel and the combustion 
gas is ignited, and the exhaust is fed to the exit port 130 after the combustion has taken place. The combusted fuel 
mixture produces a desired form of energy, such as, for example, electrical, heat and mechanical energy. In one em- 
bodiment, the combusted fuel mixture produces electrical energy measured in kilowatt hours (kwh). However, the 
present invention is not limited to the production of electrical energy and encompasses other forms of energy, such 

40 as, mechanical work and heat. 

[0013] The combustion turbine system 100 is typically controlled via various control parameters from an automated 
and/or electronic control system (not shown) that is attached to the combustion turbine system 100. A detailed descrip- 
tion of the automated and/or electronic control system (not shown) that controls the combustion turbine system 100 is 
beyond the scope of this disclosure. However, it should be appreciated that the determination of the fuel heat content 

45 and changes in the fuel heat content can be supplied to the automated and/or electronic control system (not shown) 
to be used for control calculations or mathematical control model algorithms used to control the combustion turbine 
system 100. 

[0014] As shown in Fig. 2, one embodiment of a method for on-line determination of fuel heat content of fuel used 
in combustion turbine system 100 (Fig. 1) includes measuring data from the combustion turbine system 100 while the 

50 combustion turbine system 100 is on-line and running (step 210). The measured data is corrected using a standard 
correction algorithm (step 220). The fuel heat content is determined using the corrected data (step 230). 
[0015] In the combustion turbine system 100, data are measured (step 210) from a variety of areas in and on the 
gas turbine 110 (Fig. 1). The measurement of the data provides information relating to the operation of the combustion 
turbine system 100. From these data measurements, the combustion turbine system is controlled to maximize the 

55 operational efficiency of the combustion turbine system 100. It should be appreciated that the measurement of the 
data is taken in real-time while the combustion turbine system 100 is on-line and running. The on-line measurement 
of the data allows various control parameters to be adjusted in real-time such that the combustion turbine system 
operates at the maximum operational efficiency at all times. In addition, the measured data can be collected such that 
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statistical modeling and analysis can be performed on the measured data, as will be described herein below. In this 
case, the measured data are sampled per predetermined time periods and these measurements are archived for 
analysis. 

[0016] In the combustion turbine system 100 as shown In Fig. 1, the measurement of the data Includes measuring 
5 a flange to flange output in the gas turbine 110. The flange to flange output is measured on a generator (not shown) 
of the gas turbine 110. The power that is extracted by the gas turbine 1 1 0 drives the compressor 1 60 and the generator 
(not shown). The flange to flange output is the electrical power that is made by the generator (not shown). In particular, 
the flange to flange output is the power generated from the gas turbine 110 less any excitation and/or compressor 160 
usage. A fuel flow into the gas turbine 110 from the fuel inputs 150 is measured by transducers (not shown) in the area 
10 of the fuel flow controls 140. The fuel flow measures the amount of fuel that is provided to the gas turbine 110 over a 
specified period of time. 

[0017] A heating value of the fuel is assumed. In one embodiment, the heating value is not a measured quantity of 
data but is assumed to be the heating value rating provided by the supplier of the fuel. Typically, the supplier provides 
a heating value, as part of the fuel specifications, such as, a low heating value (LHV) and a high heating value (HHV). 

15 In a preferred embodiment the assumed heating value is the low heating value (LHV). 

[0018] The inlet temperature and pressure of the combustion gas are measured at inlet port 120. In addition, the 
relative humidity of the combustion gas can be measured at the inlet port 120. The outlet temperature and pressure 
are measured at the exit port 130. It should be appreciated that these temperature, pressure and humidity measure- 
ments are provided by transducers that are attached on or near the combustion turbine system 100. More particularly, 

20 the transducers (not shown) are respectively positioned near the inlet port 120 and exit port 130. The data measure- 
ments can be provided using devices known in the art including, for example, transducers, flow meters, sensors, ther- 
mocouples, thermistors and other electronic measuring devices. 

[0019] The temperature at the outlet of the compressor 160 is measured. In addition, the exhaust temperatures of 
the gases exiting the hot section 170 are also measured. It should be appreciated that the exhaust temperature at the 
25 hot section 170 and the outlet temperature at the exit port 130 can comprise the same measurement in one embodiment 
of the present invention. In addition, the present invention may encompass data measured from and around the com- 
bustion turbine system 100 that are different than the data described herein. 

[0020] As illustrated in Fig. 2, once the data are measured (step 21 0) from the combustion turbine system 1 00 (Fig. 
1), the data are corrected using a standard correction algorithm (step 220). The measured data are corrected using 

30 the standard correction algorithm to remove any anomalies in the data caused by ambient conditions under which the 
combustion turbine system 100 is operating. In addition, the correction of the measured data allows all data to be 
compared regardless of the ambient conditions under which the data were collected. For example, in one embodiment, 
the standard correction algorithm corrects the data based on the ambient temperature, pressure, relative humidity and 
elevation. It should be appreciated that other ambient conditions can be used with the standard correction algorithm. 

35 it should also be appreciated that the ambient conditions are measured in a similar manner to all measured data, such 
as, using various sensors and other data collection devices. 

[0021] As mentioned above, the correction of the measured data is provided so that the data measured on different 
days can be compared. The data are corrected based on certain ambient conditions to reflect a standard day. The 
standard day and standard correction algorithm can be measured and determined by a standards organization, such 
40 as, the international standards organization (ISO). In addition, as an alternative to using correction information of a 
standards organization, it should be appreciated that a correction algorithm and standard day can be calculated by 
sampling and measuring data over various conditions to provide the correction information and, thus, the correction 
information need not be supplied by a standards organization. 

[0022] After the measured data are corrected (step 220), the corrected data or a portion of the corrected data are 
45 used to determine the fuel heat content (step 230) of the fuel used in the combustion turbine system 100 (Fig. 1). The 
fuel heat content is determined via a calculation. The calculation of the fuel heat content uses a calculated value of 
the heat rate (HR^) and a previously calculated heat rate (HR^). Since the calculation of the heat rate is made in 
real time while the gas turbine 11 0 is operating, the calculated values of the heat rate (HRn ew ) and (HR^) are continually 
being calculated and are available for the calculation of the fuel heat content. The calculation for the heat rate is further 
50 explained herein below. The fuel heat content (FHC) is calculated using the following algorithm: 

CU «. A A HRold 
™(ne W ) - 

55 [0023] In one embodiment, the fuel heat content is provided to a mathematical model of the combustion turbine 
system 100. The mathematical model is used to control the combustion turbine system 100 to provide the highest 
operational efficiency. In controlling the combustion turbine system 100, various parameters can be adjusted, such as, 
the fuel flow, the ratio mixture of the fuel to the combustion gas and the compression of the fuel mixture. It should be 
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appreciated that other parameters can be used during control of the combustion turbine system 100 and the present 
invention is not limited to only those parameters described herein. 

[0024] In addition, the determination of the fuel heat content can be used to provide fuel heat content data for statistical 
modeling and analysis. In this case, the fuel heat content is determined on a predetermined time basis and archived 
5 for analysis/modeling purposes. It should be appreciated that the determination of fuel hat content is provided in real- 
time while the combustion turbine system 100 is on-line and operating. This real-time feedback of the fuel heat content 
allows control parameters to be adjusted to maximize the operational efficiency of the combustion turbine system 100. 
[0025] In the exemplary methods described herein, various data are compared to determine whether a change in 
the data has occurred. The determination of a change is provided by measuring or calculating the data and providing 
10 statistical analysis and modeling of the measured and/or calculated data. The measured and/or calculated data are 
archived in, for example, a database. Noise boundaries are calculated based on an historical analysis of the measured 
and/or calculated data. The noise boundaries include control limits that are calculated based on statistical analysis, 
and the noise boundaries provide a boundary in which the data can vary and still be statistically within the limits. A 
change is determined to occur if the measured and/or calculated data fail outside the control limits of the noise bound- 
is aries. It should be appreciated that all types of statistical analysis and modeling are encompassed by the present 
invention. It should also be appreciated that the determination of a change in various measured and/or calculated data 
avoids unrequired maintenance from being done on the combustion turbine system 100. In this regard, the determi- 
nation of changes in measured and/or calculated data can result in finding the portion of the combustion turbine system 
that is the cause of the change, and therefore, maintenance can be limited to that certain portion of the combustion 
20 turbine system 100, or the mathematical model can be altered to reflect the change in the data. Specifically, in one 
embodiment of the present invention, data are measured and data are calculated to determines changes in the oper- 
ation of the combustion turbine system 100 that can be attributable to a change in the fuel heat content. 
[0026] In Fig. 3, the determination of a change in the fuel heat content includes a calculation of the heat rate (step 
310). The heat rate is a determination on the efficiency of the operation of the entire combustion turbine system 100 
25 (Fig. 1 ). The heat rate (HR) is calculated using the inputs of the flange to flange output (FFO) (step 312), the fuel flow 
(FF) (step 314) and the low heat value (LVH assumed ) which is assumed. The heat rate is calculated using the following 
algorithm: 



The assumed LVH may comprise the heating value supplied by the fuel supplier. The fuel supplier calculatesHhe LHV 
using various techniques know in the art. It should be appreciated that the fuel supplier can provide a LVH and a high 
heating value (HHV) with the fuel. In another embodiment, the assumed heating value can be the HHV or another 
35 heating value that has been calculated from various other data. In addition, as described above, the measured data 
used to calculate the heat rate are corrected using a correction algorithm. 

[0027] In addition, the heat rate can be calculated if the heat losses in the compressor 160 (Fig. 1 ), the gas turbine 
110 and the generator (not shown) are known. For example, the algorithm for the heat rate (HR) can be as follows: 



In this embodiment, the power output is the flange to flange output (FFO). Also, if the power output, compressor loss, 
turbine loss and generator loss are known, any change in the heat rate can be attributable to the fuel heat content. For 
45 example, if the power output and all other heat losses remain constant but the heat rate increases one percent (1%), 
the actual fuel heat content is one percent (1%) less than the assumed LHV or the previously calculated fuel heat 
content. 

[0028] Once the heat rate has been calculated from the corrected data, a determination is made as to whether the 
heat rate has changed (step 320). The determination of a change in the heat rate is accomplished, as described above, 
so using statistical analysis of the heat rate data. If the calculated heat rate falls outside the control limits of the noise 
boundaries, the heat rate has not changed (step 322), and no operational anomalies relating to the operation of the 
combustion turbine system 1 00 exist. 

[0029] If the heat rate has changed, a compressor efficiency and a compressor pressure ratio (P ralio ) are calculated 
(step 330). Therefore, the calculation is based on the determination of a change in the heat rate. The compressor 
55 efficiency provides the operational efficiency of the compressor 160 (Fig. 1). The compressor pressure ratio (P ratio ) 
provides the ratio of the inlet to the exit pressures to the compressor 160. These calculated parameters determine if 
a problem exits within the compressor 160 that is causing the change in the heat rate. 

[0030] The calculation of the compressor efficiency and the compressor pressure ratio (P rat i 0 ) uses the inputs of the 
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compressor inlet and outlet temperatures (step 332), the compressor inlet and outlet pressures (step 334) and the 
relative humidity (step 336). It should be appreciated that the measured data used to calculate the compressor efficiency 
and the compressor pressure ratio (P rat jo) are corrected with a correction algorithm, as described above. The calculation 
of the compressor efficiency is calculated by the ratio of an actual efficiency to an adiabatic efficiency which are cal- 

5 culated using the inlet and out temperatures, inlet and outlet pressures and any change in entropy and/or free energy. 
In addition, the compressor pressure ratio (P ra t} 0 ) is calculated using the ratio of the outlet pressure to the inlet pressure. 
[0031] Once the compressor 160 efficiency and the compressor pressure ratio (P rat jo) have been calculated, a de- 
termination is made as to whether the compressor efficiency and the compressor pressure ratio (P rat ] 0 ) have changed 
(step 340). The determination of the change of the compressor efficiency and the compressor pressure ratio (P ratio ) 

10 (step 340) involves comparing the calculated compressor efficiency and the calculated compressor pressure ratio 
(P ratjo ), respectively, with the statistical analysis of previously calculated compressor efficiency and the compressor 
pressure ratio (P raUo ). If the calculated compressor efficiency or calculated the compressor pressure ratio (P ra0o ) fa" 
outside the control limits of the noise boundaries, a problem may exist in the compressor 1 60 that is causing the change 
in the heat rate. 

1 5 [0032] If no change in the compressor efficiency or the compressor pressure ratio (P rati0 ) exists, a problem with the 
compressor 1 60 may not exist and may not be causing the change in the heat rate. As such, a temperature rise (T rise ) 
across the hot section 170 is calculated (step 350). Therefore, the calculation is based on the determination of a change 
in the compressor efficiency or the compressor pressure ratio (P rat i 0 )- The temperature rise (T rise ) across the hot section 
170 determines if a problem exits with the hot section 170 that is causing the change in heat rate, and the temperature 

20 rise (T^) is an indirect measurement of the gas turbine 110 efficiency. In addition, calculation of the temperature rise 
(Tn S e) across the hot section 1 70 uses the inputs of turbine exhaust temperature (step 352) and a compressor outlet 
temperature (step 354). It should be appreciated that the measured data used to calculate the temperature rise (T rise ) 
across the hot section 170 are corrected with a correction algorithm, as described above. Also, the temperature rise 
(Tn Se ) across the hot section 170 is calculated by subtracting the turbine exhaust temperature from the compressor 

25 outlet temperature. 

[0033] Once the temperature rise (T rise ) across the hot section 170 is calculated, a determination is made as to 
whether a change in the temperature rise (T rise ) across the hot section 170 exists (step 360). The determination of a 
change in the temperature rise (T rise ) across the hot section 170 is made by comparing the calculated temperature 
rise (Trise) across the hot section 170 to the statistical analysis of previously calculated temperature rises (T Hse ) across 

30 the hot section 170. If the temperature rise (T rise ) across the hot section 1 70 falls outside the control limits of the noise 
boundaries, a problem may exit with the hot section 170 that is causing the change in the heat rate. 
[0034] If the temperature rise (T rise ) across the hot section 170 has not changed, the fuel heat content is calculated 
(step 370). Therefore, the calculation is based on the determination of a change in the temperature rise (T rise ). As 
described above, the fijel heat content is the heating capacity of the fuel used in the combustion turbine system 100. 

35 As stated above, the calculation of the fuel heat content uses a calculated value of the heat rate (HR„ ew ) to a previously 
calculated value of the heat rate (HR^). The fuel heat content FHC is calculated using the following algorithm: 

FHC(new) 



40 



HRnew 



It should be appreciated that the measured data used to calculate the fuel heat content (FHC) are corrected using a 
correction algorithm, as described above. 

[0035] After the fuel heat content is calculated, a determination is made as to whether the fuel heat content has 
changed (step 380). The determination of the change in fuel heat content is made by comparing the calculated fuel 
45 heat content with a statistical analysis of the previously calculated fuel heat content to determine if the calculated fuel 
heat content falls outside the control limits of the noise boundaries. 

[0036] If the change in fuel heat content is not determined, the combustion turbine system 100 can have further 
diagnostic maintenance to determine the cause of the change in the heat rate. If the fuel heat content has changed, 
the change in the heat rate may be attributable to the change in fuel heat content. As a result, the fuel heat content 

so used in the mathematical model of the operation of the combustion turbine system is changed (step 390). Therefore, 
the change in the fuel heat content is determined, and the mathematical mode is changed without having to perform 
unrequired maintenance on the combustion turbine system 100 to determine the cause of the change in the heat rate. 
[0037] Advantageously, as described herein, a diagnostic tool is provided to determine the cause of a change in the 
heat rate without performing unrequired maintenance on the combustion turbine system. It should be appreciated that 

55 the change in fuel heat content is provided in real time while the combustion turbine system 100 is running. As such, 
the mathematical model of the operation of the combustion turbine system 100 can be used to adjust the control 
parameters of the combustion turbine system 100 in real time to maximize the operational efficiency. Therefore, as 
described herein, a calculated mathematical model is provided with the fuel heat content and any changes in the fuel 
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heat content from conventionally measured data. 

[0038] For the sake of good order, various features of the invention are set out in the following clauses :- 

1 . A method for on-line determination of fuel heat content of fuel used by a combustion turbine system, said method 
comprising the steps of: 

measuring data from said combustion turbine system during combustion of 

said fuel while said combustion turbine system is on-line and running; 

correcting the measured data using a standard correction algorithm; and 

determining said fuel heat content of said fuel using at least a portion of the corrected data. 

2. The method of Clause 1, further comprising the steps of: 

calculating said fuel heat content of said fuel using the corrected data; 

comparing the calculated fuel heat content to a statistical record of previously calculated fuel heat contents; and 
determining a change in said fuel heat content of said fuel based on said step of comparing the calculated 
fuel heat content to said statistical record of previously calculated fuel heat content. 

3. The method of Clause 1 , further comprising the step of determining a heat rate of said combustion turbine system. 

4. The method of Clause 3, wherein: 

said step of measuring data comprises: 

measuring a flange to flange output and a fuel flow; and 
assuming a heat value of said fuel; 

said step of correcting the measured data comprises: 

correcting said flange to flange output and said fuel flow using said standard correction algorithm; 
said step of determining said heat rate comprises: 

calculating said heat rate using the corrected flange to flange output, 
the corrected fuel flow and the assumed heat value; 

comparing the calculated heat rate to a statistical record of previously calculated heat rates; and 
determining a change in said heat rate based on said step of comparing the calculated heat rate to said 
statistical record of previously calculated heat rates. 

5. The method of Clause 4, wherein the assumed heat value of said fuel is a low heat value (LHV). 

6. The method of Clause 1 , further comprising the step of determining a compressor efficiency of a compressor 
in said combustion turbine system. 

7. The method as, clauseed in Clause 6, wherein: 

said step of measuring data comprises measuring inlet and outlet temperatures of said compressor, inlet and 
outlet pressures of said compressor and an inlet humidity of said compressor; 

said step of measuring data comprises measuring inlet and outlet temperatures of said compressor, inlet and 
outlet pressures of said compressor and an inlet humidity of said compressor; 

said step of correcting the measured data comprises correcting the measured inlet and outlet temperatures, 
the measured inlet and outlet pressures and the measured inlet humidity using said standard correction algo- 
rithm; and 

said step of determining said compressor efficiency comprises: 

calculating said compressor efficiency from the corrected inlet and outlet temperatures, the corrected inlet 
and outlet pressures and the corrected inlet humidity; comparing the calculated compressor efficiency to 
a statistical record of previously calculated compressor efficiency data; and 

determining a change in said compressor efficiency based on said step of comparing the calculated com- 
pressor efficiency to said statistical record of previously calculated compressor efficiency data. 
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8. The method of Clause 1 , further comprising the step of determining a pressure ratio of said combustion turbine 
system. 

9. The method of Clause 8, wherein: 

said step of measuring data comprises measuring inlet and outlet pressures; 

said step of correcting the measured data comprises correcting the measured inlet and outlet pressures using 

said standard correction algorithm; and 

said step of determining a pressure ratio comprises: 

calculating a pressure ratio using the corrected inlet and outlet pressures; 

comparing the calculated pressure ratio to a statistical record of previously calculated pressure ratios; and 
determining a change in said pressure ratio based on said step of comparing the calculated pressure ratio 
to said statistical record of previously calculated pressure ratios. 

10. The method of Clause 1, further comprising the step.of determining a temperature rise across a hot section in 
said combustion turbine system. 

11. The method of Clause 10, wherein: 

said step of measuring data comprises measuring an exhaust temperature and a compressor output temper- 
ature; 

said step of correcting the measured data comprises correcting the measured exhaust temperature and the 
measured compressor output temperature using said standard correction algorithm; 
said step of determining said temperature rise across said hot section comprises: 

calculating said temperature rise across said hot section in said combustion turbine system using the 

corrected exhaust temperature and the corrected compressor output temperature; 

comparing said calculated temperature rise to a statistical record of previously calculated temperature 

rises; 

determining a change in said temperature rise based on said step of comparing the calculated temperature 
rise to said statistical record of previously calculated temperature rises. 

12. The method of Clause 1, further comprising the steps: 

of determining a change in a heat rate of said combustion turbine system; 

determining a change in a compressor efficiency of said combustion turbine system; 

determining a change in a pressure ratio of said combustion turbine system; and 

determining a change in a temperature rise across a hot section of said combustion turbine system. 

13. The method of Clause 1, wherein said standard correction algorithm comprises an International Standards 
Organization (ISO) algorithm. 

14. A method for determining a change in fuel heat content of fuel used in a combustion turbine system, said 
method comprising the steps of measuring data from said combustion turbine system during combustion of said 
fuel while said combustion turbine system is on-line and running; 

correcting the measured data using a standard correction algorithm; 
calculating a heat rate using at least a portion of the corrected data; 

determining a change in the calculated heat rate; 

calculating a compressor efficiency and a pressure ratio using at least a portion of the corrected data wherein 
said step of calculating said compressor efficiency and said pressure ratio is based on said step of determining 
said change in the calculated heat rate; 

determining a change in the calculated compressor efficiency and the calculated pressure ratio; 
calculating a temperature rise across a hot section of said combustion turbine system using at least a portion 
of the corrected data wherein said step of calculating said temperature rise across said hot section is based 
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on said step of determining said change in the calculated compressor efficiency and the calculated pressure 
ratio; 

determining a change in the calculated temperature rise across said hot section of said combustion turbine 
system; 

calculating a fuel heat content using at least a portion of the corrected data wherein said step of calculating a 
fuel heat content is based on said step of determining said change in the calculated temperature rise across 
said hot section of said combustion system; 
determining a change in the calculated fuel heat content; and 

changing a mathematical model of an operation of said combustion turbine system based on said step of 
determining said change in the calculated fuel heat content. 

15. The method of Clause 14, wherein said step of determining said change in the calculated heat rate comprises 
comparing the calculated heat rate to a statistical record of previously calculated heat rates. 

1 6. The method of Clause 14, wherein said step of determining said change in the calculated compressor efficiency 
and the calculated pressure ratio comprises: 

comparing the calculated compressor efficiency to a statistical record of previously calculated compressor 
efficiency data; and 

comparing the calculated pressure ratio to a statistical record of previously calculated pressure ratios. 

17. The method of Clause 14, wherein said step of determining said change in the calculated temperature rise 
across said hot section of said combustion turbine system comprises comparing the calculated temperature rise 
to a statistical record of previously calculated temperature rises. 

18. The method of Clause 14, wherein said step of determining said change in the calculated fuel heat content 
comprises comparing the calculated fuel heat content to a statistical record of previously calculated fuel heat 
contents. 

19. he method of Clause 14, wherein said standard correction algorithm comprises an International Standards 
Organization (ISO) algorithm. 



Claims 

1 . A method for on-line determination of fuel heat content of fuel used by a combustion turbine system, said method 
comprising the steps of: 

measuring data from said combustion turbine system during combustion of said fuel while said combustion 
turbine system is on-line and running; 

correcting the measured data using a standard correction algorithm; and 

determining said fuel heat content of said fuel using at least a portion of the corrected data. 

2. The method of Claim 1 , further comprising the steps of: 

calculating said fuel heat content of said fuel using the corrected data; 

comparing the calculated fuel heat content to a statistical record of previously calculated fuel heat contents; and 
determining a change in said fuel heat content of said fuel based on said step of comparing the calculated 
fuel heat content to said statistical record of previously calculated fuel heat content. 

3. The method of Claim 1 or 2, further comprising the step of determining a heat rate of said combustion turbine 
system. 

4. The method of Claim 3, wherein: 

said step of measuring data comprises: 

measuring a flange to flange output and a fuel flow; and 
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assuming a heat value of said fuel; 

said step of correcting the measured data comprises: 

correcting said flange to flange output and said fuel flow using said standard correction algorithm; 
5 said step of determining said heat rate comprises: 

calculating said heat rate using the corrected flange to flange output, 
the corrected fuel flow and the assumed heat value; 

comparing the calculated heat rate to a statistical record of previously calculated heat rates; and 
10 determining a change in said heat rate based on said step of comparing the calculated heat rate to said 

statistical record of previously calculated heat rates. 

■ 

5. The method of any preceding Claim, further comprising the step of determining a compressor efficiency of a com- 
pressor in said combustion turbine system. 

15 

6. A method for determining a change in fuel heat content of fuel used in a combustion turbine system, said method 
comprising the steps of; 

measuring data from said combustion turbine system during combustion of said fuel while said combustion 
20 turbine system is on-line and running; 

correcting the measured data using a standard correction algorithm; 
calculating a heat rate using at least a portion of the corrected data; 

determining a change in the calculated heat rate; 

25 

calculating a compressor efficiency and a pressure ratio using at least a portion of the corrected data wherein 
said step of calculating said compressor efficiency and said pressure ratio is based on said step of determining 
said change in the calculated heat rate; 

determining a change in the calculated compressor efficiency and the calculated pressure ratio; 
30 calculating a temperature rise across a hot section of said combustion turbine system using at least a portion 

of the corrected data wherein said step of calculating said temperature rise across said hot section is based 
on said step of determining said change in the calculated compressor efficiency and the calculated pressure 
ratio; 

determining a change in the calculated temperature rise across said hot section of said combustion turbine 
35 system; 

calculating a fuel heat content using at least a portion of the corrected data wherein said step of calculating a 
fuel heat content is based on said step of determining said change in the calculated temperature rise across 
said hot section of said combustion system; 
determining a change in the calculated fuel heat content; and 
40 changing a mathematical model of an operation of said combustion turbine system based on said step of 

determining said change in the calculated fuel heat content. 

7. The method of Claim 6, wherein said step of determining said change in the calculated heat rate comprises com- 
paring the calculated heat rate to a statistical record of previously calculated heat rates. 

45 

8. The method of Claim 6 or 7, wherein said step of determining said change in the calculated compressor efficiency 
and the calculated pressure ratio comprises: 

comparing the calculated compressor efficiency to a statistical record of previously calculated compressor 
50 efficiency data; and 

comparing the calculated pressure ratio to a statistical record of previously calculated pressure ratios. 

9. The method of Claim 6, 7 or 8, wherein said step of determining said change in the calculated temperature rise 
across said hot section of said combustion turbine system comprises comparing the calculated temperature rise 

55 to a statistical record of previously calculated temperature rises. 

10. The method of any one of Claims 6 to 9, wherein said step of determining said change in the calculated fuel heat 
content comprises comparing the calculated fuel heat content to a statistical record of previously calculated fuel 
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heat contents. 
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